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Critical thinking, communication, collaboration, and creativity are four fundamental skills for students in the 21st century, indicating the way for nurturing talents required for future social development. Interdisciplinary thematic learning has become an important educational carrier for “4C Skills” training, with its connotation coinciding with the training requirements of “4C Skills.” Few academics, however, have looked into interdisciplinary thematic learning activities based on real-world problems. In this study, using a middle school in Xiamen, Fujian Province as an example, 32 s-year students in middle school were given several problem-solving tasks relevant to “visual disaster weather.” Based on test coding and questionnaire evaluation, class notes, course videos, student solutions, and interview texts, we examined the development of students’ 4C skills through real-world problem-based interdisciplinary thematic learning activities. This study discovered that an interdisciplinary thematic learning environment centered on real-world challenges fosters students’ creative thinking in open practice while also encouraging group communication and collaboration. Students also gain critical thinking skills through questioning and critique.
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1. Introduction

With the continual advancement of information technology, the rapid entrance of Industry 4.0, and globalization, the globe is developing a close community of interests, and humanity is confronted with new difficulties. Real-world problems are frequently multidisciplinary and arise in complicated systems (Dym et al., 2005). These issues are frequently intertwined with systems and necessitate complicated problem-solving talents, ingenuity, and the participation of various parties (Levy, 1992; Richardson et al., 2001). The focus of education has switched from gaining superficial knowledge to developing a wide range of essential competencies. As a result, many academics are concerned about how to properly cultivate students’ key competencies for the future age.

The project “The Definition and Selection of Competences: Theoretical and Conceptual Foundations (DeSeCo)” of Organization for Economic Cooperation and Development (n.d.) was launched in late 1997.The OECD defines core competency as “the ability to mobilize psychological and social resources in a specific setting, including skills and attitude to deal with complicated problems.” The three-level frame structure “core accomplishment - ability index - behavior description” as shown in Table 1.



TABLE 1 The three-level frame structure “core accomplishment–ability index–behavior description”.
[image: Table1]

These categories, each with a specific focus, are interrelated, and collectively form a basis for identifying and mapping key competencies. The need for individuals to think and act reflectively is central to this framework of competencies. Reflectiveness involves not just the ability to apply routinely a formula or method for confronting a situation, but also the ability to deal with change, learn from experience and think and act with a critical stance.

The EU updated the core literacy framework in 2018, and it now includes eight components: “literary literacy,” “multilingual literacy,” “mathematical literacy,” “science and technology literacy,” “engineering literacy,” “digital literacy,” “personal, social and learning literacy,” “citizenship literacy,” “innovation and entrepreneurship literacy,” and “cultural awareness and expression.” The EU’s basic literacy framework is more detailed than the OECD’s. Directions for knowledge, skill, and attitude are clearer, and both disciplines and cross-disciplines are considered. It may have explicit discipline attribution or pervade the learning of several fields (European Council, 2018).

As shown in Figure 1, Partnership for 21st Century Skills Learning (P21) proposed the “4C Skills” (critical thinking, communication, cooperation, and creativity) in 2007 (Partnership for 21st Century Skills, 2007). While distinguishing between interdisciplinary themes and core topic learning, the “4C Skills” will also organically interconnect and mutually support subject material knowledge and core skills. The 4C abilities can help students not only achieve in all areas of formal education, but also adapt to an ever-changing world (Partnership for 21st Century Learning, 2015).

[image: Figure 1]

FIGURE 1
 p21 Core literacy framework.


Various countries have begun to debate ways to help students understand the “island of disciplines” “fractured disciplinary knowledge through interdisciplinary learning and curriculum integration. Interdisciplinary learning can break through academic borders to enhance students’ fundamental competencies by merging course design content with cross-border teaching and implementation (Xinning and Xinyang, 2013). It can also combine students’ learning in order to connect their knowledge structure, forming structured knowledge, and thinking in order to fully comprehend the objective world and solve practical difficulties (Meng, 2022). Despite the fact that interdisciplinary learning has received a lot of attention and is regarded as an efficient technique to develop fundamental competences, it still has a lot of obstacles. The major difficulty is determining how to improve the systematic and structured nature of the interdisciplinary learning curriculum. Furthermore, given the dominance of traditional curriculum in the educational system, there are numerous questions concerning how to evaluate the success of integrated teaching and students’ interdisciplinary abilities (Shen et al., 2014; Griese et al., 2015; Herro et al., 2017; You et al., 2018). Researchers discovered numerous barriers to the implementation of interdisciplinary learning in schools in terms of pedagogy, curriculum, and structure. It is indicated that there is an urgent need to provide pedagogical aid and curriculum resources to enable teachers to utilize Interdisciplinary Learning.

Therefore, this study was driven by the following research questions:

1. Do students promote the development of the 4C skills in interdisciplinary topic learning?

2. How do these competencies develop across the interdisciplinary thematic learning?

We thoroughly interpreted the connotation of interdisciplinary learning and 4C skills, designed interdisciplinary thematic learning activities, and introduced interdisciplinary thinking to break the boundary and realize deep multidisciplinary integration using interdisciplinary themed activities as the core content. Through interdisciplinary thematic learning activities, this study attempted to enable participants to improve 4C abilities and integrate thinking. This paper identifies the role of activities in interdisciplinary thematic learning courses and investigates the elements of activities based on the learning situation and participant performance, as well as activity theory, in order to gain a better understanding of the construction and evaluation mechanism of an interdisciplinary thematic learning curriculum system. We strive to provide novel concepts and approaches for curriculum design, development, and assessment of interdisciplinary subject learning, which has major theoretical and practical consequences for talent development in the current era.



2. Literature review


2.1. Based on real-world problems

The challenges we face in the real world are complex, and solving them requires the integration of many disciplines, concepts, and talents (Weng et al., 2022). The interdisciplinary nature of real-world problem-based learning, as opposed to the disciplinary framework of formal education, underpins arguments for curriculum integration (Jacobs, 1989; Beane, 1995; Czerniak et al., 1999). As a result, learning through real-world challenges is a good way for students to overcome complex problems (Ferreira and Trudel, 2012). More emphasis is placed on learners’ ability to apply knowledge to make decisions and solve issues, as well as the capacity to evaluate when and how to obtain more information, than on memorizing material or procedures (Pellegrino and Hilton, 2012). Furthermore, learning exercises focused on real-world challenges boost students’ motivation and inspire them to experiment over time. Students may only strengthen their creative and critical thinking abilities by being exposed to unsolvable open-ended problems and real-world disciplinary experience (Helle et al., 2006).

It has been discovered that learning exercises based on real-world challenges motivate students and improve their ability to learn tough subject as well as problem-solving skills and confidence (Kokotsaki et al., 2016). Relevant research has shown that learning approaches based on real-world challenges can boost students’ creative and critical thinking skills (Chan, 2013). The problem-based learning technique was used for one semester with higher education visual arts students to see how it improved their creative and critical thinking dispositions. Finally, studies show that problem-based learning has a significant impact on creative thinking (Ulger, 2018). Another study will look into the attitudes, inventiveness, and critical thinking of students who have been exposed to problem-based learning, as well as their relevance to nursing education and clinical practice (Pardamean, 2012). Based on the literature review, we found that learning activities based on real-world problems can improve students’ 4C skills. However, previous studies mainly focus on a single discipline without investigating interdisciplinary learning activities. In the present study, whether interdisciplinary learning activities based on real-world problems can promote the development of students’ 4C skills was explored.



2.2. Activity theory

The study of how humans learn is known as learning theory. We can only improve teaching if we understand the learning process better. In the course of developing learning theory, the core premise of “learning is a stimulus–response” is gradually abandoned, and more and more emphasis is devoted to learner self-construction and interaction with the learning environment and learning community. The activity hypothesis goes into greater detail about the process and organization of this relationship Igira and Gregory (2009). Teaching practice has changed in tandem with learning theory, from classic lecturing-based teaching to student-centered teaching to the present emphasis on designing teaching and learning activities to improve students’ 4C skills Yushun et al. (2022). As a result, activity theory offers a valuable perspective for studying teaching activities and assessing classroom performance (Engeström, 1987).

According to Nardi (1996), AT is an effective method for studying professional behavior because it adheres to an object-focused mentality in the sense of a goal, a motive, or a result, allowing coherence and concentration to guide decisions and actions. Furthermore, AT maintains close linkages with practice to ensure that relevant research has an impact. According to activity theory, the smooth execution of activities necessitates the division of labor between the subject and the society, as well as the laws of its operation (Tessier and Zahedi, 2022). The organizational forms of teaching and learning activities, including competition, cooperation, practice, and other forms, fully reflect the norms of activities and the division of labor between subjects in the field of teaching and learning (Sannino and Ellis, 2014). To summarize, Figure 2 depicts the relevant relationship between the elements of interdisciplinary thematic learning activities in this study and the elements of Activity theory.

[image: Figure 2]

FIGURE 2
 Six elements of interdisciplinary thematic learning activities.


Interdisciplinary topic learning necessitates a large number of learning activities or tasks. As a result, the comprehensive study of interdisciplinary subject learning based on activity theory provides a novel theoretical research and practical approach for assessing interdisciplinary topic learning.



2.3. Interdisciplinary thematic learning

Different phrases (for example, integrated practice and interdisciplinary) are used in education to describe the connection and integration of multiple disciplines (Roehrig et al., 2021). Professor Woodworth of Columbia University coined the word “interdisciplinary” in 1926. It refers to practical activities involving two or more disciplines that extend beyond the boundaries of a given discipline in order to allow learners to unite their knowledge and skills. Interdisciplinary learning combines two or more disciplines, ignoring the nature of each discipline and focusing instead on the links between them.

Interdisciplinary thematic learning, unlike interdisciplinary learning, can be broadly infused into all courses as a curriculum concept and teaching/learning method or as a special curriculum form an independent interdisciplinary curriculum that transcends the logical system of the discipline itself (Zhanghua, 2017). Interdisciplinary thematic learning focuses on obtaining knowledge and skills in interdisciplinary thematic content by emphasizing the correlation between subjects across disciplines. Interdisciplinary thematic learning frequently connects social, political, economic, international, and environmental issues through a topic or real-world situation Wang et al. (2020). Interdisciplinary thematic learning is a process of constructing comprehensive learning activities, focused on a specific research topic and discipline curriculum content, and combining relevant knowledge and methodologies from other courses, based on students’ learning basis (Gao et al., 2020). During the theme inquiry, this approach allows students to think across borders, exposes them to interdisciplinary knowledge integration and building, and strengthens their problem-solving abilities. Interdisciplinary thematic learning highlights important topics, questions, or issues that need to be solved in the real world and extends every subject for structured and meaningful learning, allowing students to spend enough time exploring, thinking deeply, and constructing knowledge content systems Nakakoji and Wilson (2020). Students combine knowledge and abilities from numerous disciplines during the learning process, delve deeply into topics, and participate in varied activities, promoting core competencies (Gardner et al., 2003). Although problem-based interdisciplinary learning seems promising in promoting student cognitive development, research and educational practices that apply problem-based interdisciplinary teaching are insufficient, particularly qualitative research on the development of students’ 4C skills (Papadakis et al., 2022).



2.4. 4C skills

Although many experts disagree on the precise definition of skills in the 21st-century (Voogt and Roblin, 2012; Van Laar et al., 2017), 4C skills have been identified as critical competences (Silber-Varod et al., 2019). All four talents are related to cognitive capacities of learners, although with distinct emphasizes. Critical thinking, for example, is a cognitive strategy critical to improving students’ decision-making, critical judgment, and self-reflection abilities (Pintrich et al., 1991); it is a thinking ability that extends beyond the boundaries of disciplines and requires learners to think in new ways and connect different disciplines (Hu et al., 2020). Creativity is a process in which students produce their own ideas or answers (Yang and Cheng, 2010); it is a highly comprehensive and encompassing core skill that intensively embraces talent. Good communication assists students to deal with challenges more effectively (Ghefaili, 2003), allowing them to overcome academic boundaries and fully comprehend the knowledge. Collaboration allows students to fully utilize collective wisdom while also combining individual abilities, expertise, and wisdom to attain common goals (Lin et al., 2020).

Relevant studies have shown that interdisciplinary thematic learning activities can boost the development of students’ 4C skills. For example, in one study, researchers prepared a two-day workshop for 15 middle school students who were new to programming (Charlton and Avramides, 2016). The Internet of Things has been utilized to support smart city initiatives in which students must address physical computing difficulties while building electrical artifacts. Researchers discovered that by participating in these learning activities, students practiced all 4C skills (English et al., 2017). Students created earthquake-resistant structures out of common materials. They planned and erected a two-story structure to survive a simulated “earthquake” in small groups. The researchers examined how students participated in the design process and utilized interdisciplinary knowledge using open coding. Students’ evaluation indicated that the assignment increased their 4C skills, such as communication and cooperative ability. A two-year interdisciplinary course was described in another study. Students spent the first year mostly on coding courses, while the second year was devoted to renewable energy. Researchers evaluated students’ creativity by collecting written materials such notes as data. According to statistical research, the multidisciplinary program boosted students’ cognition, problem-solving skills, and creativity (Chen and Lin, 2019).

Interdisciplinary thematic learning, according to the literature, serves a unique function in developing students’ intelligence, communication, and collaboration, as well as cultivating creativity. Students can integrate knowledge of society, ecology, and other disciplines through interdisciplinary thematic learning to develop their inventive consciousness, creative desire, problem-solving ability, art literacy, and moral cultivation, promoting their innovative thinking (Miller and Krajcik, 2019). Furthermore, the ability to transcend the knowledge boundaries of a certain subject has been tested through qualitative analysis in the preceding literature. Despite the use of various data for qualitative analysis, the current study failed to conduct continuous tracking and data statistics to demonstrate participants’ development in interdisciplinary thematic learning ability and to analyze statistical data on participants before and after the learning process. As a result, it is impossible to say if the learners’ improved interdisciplinary thematic ability is due to the learning program.

Based on prior research, this study used MLA (Microgenetic Learning Analysis) (Ackermann and Edith, 2013), and AT (Activity theory) to trace the trajectory of participants’ cognitive changes during learning activities (Siegler, 2007), with an emphasis on the cognitive sequence that participants use to grasp a concept. To further explore the broad association between interdisciplinary thematic learning and 4C skills, qualitative research was undertaken by collecting and evaluating data such as notes, study sheets, and interview transcripts throughout participants’ learning (Wenzheng and Qiuxuan, 2021). Furthermore, participants and researchers employed assessment measures to analyze learners’ learning before and after the course, as well as their overall learning aptitude. The MLA enables researchers to analyze not only what students know (what they know), but also the processes/patterns that occur when changes occur (how they get there), allowing them to go beyond the pre-test/post-test approach to learning.

In short, preliminary research indicates that little qualitative research or evaluation of problem-based interdisciplinary learning and the learning process in interdisciplinary thematic learning activities exists. More research is required to determine how interdisciplinary thematic learning enhances students’ competency and 4C skills Zhao and Wang (2022). As a result, a case study using qualitative data sources was used to answer research questions about the development of students’ 4C skills, such as “How do 4C skills assist students?” and “How are 4C skills developed in students’ interdisciplinary thematic learning?”




3. Methodology


3.1. Research design and context

A case study was conducted to assess whether interdisciplinary thematic learning activities improve students’ 4C skills development. The study enlisted the help of 32 students from various classes at the same high school. The study was conducted at a middle school in Xiamen, Fujian Province, China. We chose a group of students who were all at the same learning level and did not receive any after-class tutoring. A total of 32 students from each Grade 2 class were selected to participate in this interdisciplinary thematic learning assignment. There were 20 boys and 12 girls, with the majority of them being 13 years old. Before the study, we acquired vital background information from the participants, as shown in Table 2 below. Furthermore, prior to participating in research activities, selected students were asked to monitor their own learning or cooperation and were introduced to the essential concepts of interdisciplinary thematic learning and activity theory.



TABLE 2 Participant demographics.
[image: Table2]

This case study is part of an interdisciplinary thematic learning course called “Visible Disaster Weather, “in which students are encouraged to build problem-solving and 4C skills while participating in a series of activities based on real-world challenges.

For 5 weeks, a one-hour class was held during after-school service hours on Fridays. The interdisciplinary thematic courses cover topics such as geography, biology, information technology, art, and so on. We investigated the impact of disasters on environmental sustainability and the fundamental causes of environmental problems using real-world challenges to raise learners’ awareness of social responsibility, build the notion of harmony between humans and nature, and promote learners’ 4C skills. Specifically, during the first class, participants used virtual technology to experience several types of catastrophe weather and thought critically about the negative impact of disaster weather on society. The following three classes focus on problem-solving and how to visually evaluate data, as well as how to translate disaster weather data into 3D models using visual art to communicate the ramifications of climate change and appeal to the public to protect the environment. Students were tasked to present their projects in the previous lesson. The content structure of interdisciplinary thematic learning is shown in Table 3.



TABLE 3 Participant demographics.
[image: Table3]

Each lesson consists of whole-class teaching by the teacher and group problem-solving by the students. Subject teachers lead students through assigned questions and assignments and teach fundamental knowledge ideas. Students are given adequate time during group discussions to use the concepts and approaches they have learnt to solve challenges. Furthermore, kids are encouraged to actively collaborate with others in order to improve their communication abilities. The output outcomes of each discipline and the developed 4C skills are shown in Figure 3.

[image: Figure 3]

FIGURE 3
 A framework for designing interdisciplinary thematic learning activities oriented to 4C skills.


As illustrated in Figure 4, this interdisciplinary thematic learning activity is based on real-world challenges. Taking real-world problems as the focus of an interdisciplinary study can make isolated facts or abilities meaningful and is a vital link in establishing an individual cognitive structure in a system; it can assist participants form a complex cognitive structure linked with tangible and abstract. Deep and transportable subject core notions and core competence can be abstracted on this basis. Then, questions are handled fully to establish new knowledge linkages, form new cognition and understanding, and deepen thinking. Interdisciplinary thematic learning, in a nutshell, is a dynamic notion that entails not only the appropriate integration of various knowledge elements in individual cognitive structures, but also a constant process of reflective actions to value addition and efficient usage. Real-world problems/topics serve as conceptual anchors that connect information from many disciplines. The initially separate and somewhat fragmented interdisciplinary knowledge is interconnected by merging the information and methods of two or more disciplines through themes. Themes seek common elements in interdisciplinary knowledge and integrate knowledge elements into an organic whole through connection, articulation, and reorganization, which can break down disciplinary boundaries and make teaching more focused and coherent to form a more comprehensive understanding of the subject knowledge picture.

[image: Figure 4]

FIGURE 4
 Cognitive development of interdisciplinary thematic learning.


As seen in Figure 4, the evolution follows the “truth-specific concept-subject core concepts-interdisciplinary concept” path, from surface thinking to concrete item cognition, to achieve integration of knowledge, contacts, and creation. Interdisciplinary thematic learning seeks to condense important abilities and higher-order thinking of interdisciplinary information in order to achieve core literacy.

As a “bridge, “interdisciplinary thematic learning based on the reality of issues/topics mediates and is bidirectional. First, the theme transforms students’ individual practical experience into the cognitive structure of the learning community, and then the learning community’s internal cognition is transformed outward into problem-solving capabilities with strong mobility and 4C skills. Second, knowledge from several disciplines can be linked through the theme, which serves as a “bridge” to assist students in crossing subject borders and integrating subject knowledge. Furthermore, participants in interdisciplinary topic learning have three abilities: vertical thinking, horizontal thinking, and systematic thinking. Vertical thinking entails participants being able to clarify the depth and growth of subject notions. Lateral thinking shows the cognitive functioning of interdisciplinary themed learning participants. The ability to integrate the depth of subject knowledge and the breadth of interdisciplinary knowledge in interdisciplinary thematic learning activities to form a new knowledge framework in a network manner that can be used to generate innovative solutions to teaching problems is referred to as system thinking. It can be seen that interdisciplinary thematic learning, as the “connecting hub” of interdisciplinary learning, assists participants in vertically determining the development context of the discipline’s internal knowledge system and horizontally connecting interdisciplinary concepts to form a knowledge network. Furthermore, interdisciplinary thematic learning significantly alters the typical topic and knowledge structure thinking mode. It places the cultivation of core competency first, which is followed by the course reformation “from knowledge to accomplishment.”

This case design adheres to the curriculum design structure outlined above (Figure 5). Thematic courses emphasize the development of critical thinking skills through the use of interdisciplinary knowledge as the primary material. Thematic courses are aimed to give students more access to interdisciplinary information in theme-related domains by picking real-world challenges based on deep integration of interdisciplinary knowledge. Along with gaining interdisciplinary knowledge, the critical thinking approach of “identifying issues, creatively hypothesizing, verifying by practice, and looking for answers” is emphasized, helping students to internalize and individualize the stuff they have acquired (Zhao Huiqin and Zhaoxue, 2019). Furthermore, transboundary collaborative learning activities based on a problem shared by different individuals, groups, or project collaboration in the form of groups can create a diverse learning community, promote knowledge transfer among individuals and groups, and foster the formation of collective wisdom across groups. Students can improve their capacity to acquire information, communicate, collaborate, and solve problems by employing comprehensive knowledge in this manner. Finally, to break through traditional classrooms, flexible and diverse open spaces are built through space crossover, including museums, art galleries, and other social educational resources, as well as virtual environments across time and space built using virtual reality and augmented reality technology. Moreover, the 3D depiction of plane knowledge material through visual arts and other forms might encourage participants’ systematic thinking and deepen their cognition.

[image: Figure 5]

FIGURE 5
 A framework for designing interdisciplinary thematic learning activities oriented to 4C skills.




3.2. Data collection, selection, and analysis

We gathered relevant data from a variety of sources to investigate the process of participants’ learning experiences while learning and show the development process as well as the current condition of their 4C skills. To begin, pre-and post-tests were administered, and 5-point Likert scales (evaluation metrics) were handed to 32 students for statistical analysis in order to determine the amount of growth of students’ 4C skills. Students were asked to fill in the scales to assess their fundamental understanding of their 4C skills. Their self-reports were statistically and analytically examined. Lower ratings indicate a less positive attitude toward the development of 4C skills through interdisciplinary thematic learning, whereas higher levels indicate a more positive attitude. In addition, participants’ real learning activities and problem-solving procedures were videotaped. Text answers from students throughout interdisciplinary topic learning activities were collected, as were notes of interaction between students and their peers. After-class interviews were held. Finally, the ground theory was used to the coding analysis of text data from participants in order to determine the growth of their 4C skills.


3.2.1. Pre-and post-test data collection and analysis

To determine if the level of participants’ 4C skills improved as a result of interdisciplinary thematic learning, a survey and data analysis on their 4C skills before and after interdisciplinary thematic learning were undertaken. The development standard of 4C talents is separated into five tiers, as illustrated in Table 4. Level A denotes the highest level of ability, Level B represents good ability, and Level C denotes average competence. Level D behavior characteristics are those that have not yet been acquired and must be strengthened. Level E represents behavioral features that have not been acquired and will require significant effort to strengthen.

Table 5 demonstrates that p = 0.00 < 0.05 in the t-test of interdisciplinary topic learning. There are considerable variations between students in critical thinking, communication, collaboration, and creativity pre-and post-tests. Moreover, the average values of the four dimensions improve following the test, indicating that students mastered specific 4C skills during the course. Furthermore, the disparities in communication and cooperation are enormous, indicating that interdisciplinary topic learning based on real-world situations can considerably improve participants’ communication and collaboration skills.



TABLE 4 Example of evaluation metrics for 4C skills through interdisciplinary thematic learning.
[image: Table4]



TABLE 5 Pre-and post-test questionnaire data analysis.
[image: Table5]



3.2.2. Text data collection

Text data from semi-structured interviews and study notes were collected for analysis to investigate the cognitive development structure of participants during interdisciplinary thematic learning, thus clarifying the cognitive development process and the acquisition of 4C skills of participants in interdisciplinary thematic learning activities. In this study, grounded theory-based qualitative analysis was used for additional coding. The preliminary data were classified. The interview questionnaire is made up of 16 open-ended questions about students’ classroom participation, knowledge construction, and perceptions of 4C competencies. Here are some examples of questions: How do you come up with project ideas? How do you deal with problems? Will you seek assistance from other participants? Table 6 shows main contents of the interview questionnaire. This questionnaire’s overall reliability coefficient is 0.83, which is greater than 0.8, indicating that it is reliable. Furthermore, the Kaiser–Meyer–Olkin (KMO) score is 0.874, which is greater than 0.7, indicating that the questionnaire has good validity and may be utilized as a study measuring tool.

Researchers evaluated and summarized text data verbatim after data collection, providing a basic conceptual perspective of the entire content of interdisciplinary topic learning. Following repeated reading, modification, and comparison, early conceptual categories were constructed, establishing the groundwork for the construction of later generic relations (Yongqi, 2022). Specifically, the original text data was preliminarily sorted out at this point. The sorted text was then entered into NVivo software for particular coding analysis, yielding four first-level nodes and eight second-level nodes. The collected texts were openly coded. Coded reference points with comparable expressions were aggregated and summarized into secondary nodes during coding. As illustrated in Table 7, “problem-solving” and “self-reflection” were merged into the nodes of “behavioral performance skills, “resulting in eight secondary nodes.

During data coding, the crowd comparison method was applied. Various personnel collected and coded the data, which was subsequently assembled and compared. To eliminate the influence of subjectivity, any contradiction would be discussed and then corrected by the researchers. The saturation test of the coding findings was also performed utilizing the reserved data following data coding to ensure the correctness and tightness of the coding results.

Communication and collaboration were encoded the most frequently among the 4C skills development dimensions produced via coding, reaching 38 times. Furthermore, the original phrase examples in Table 7 provide additional insight into participants’ cognitive development and 4C skills development in interdisciplinary topic learning activities (Papadakis, 2021).

Furthermore, based on activity theory, this study divides learning activity units into four categories: activity objectives, learning forms, supporting instruments, and learning feedback. Students’ behavior activities are classified and evaluated by repeatedly viewing recorded classroom footage of students in order to determine how students’ 4C skills develop. Table 8 shows the precise coding condition.

The proportion of learning objectives at the communication level in this interdisciplinary themed learning activity is 47.88% based on the coding scenario of classroom recordings. Cooperative learning objectives were ranked second at 19.98%, followed by critical and creative goals at 15.63 and 13.17%, respectively. Students clearly communicate often during this interdisciplinary theme learning assignment. Furthermore, in terms of learning forms, student–student interaction accounts for approximately 50.23%, followed by teacher-student interaction, which accounts for approximately 38.34%, and students with individual students and teachers as the main body, which accounts for 6.3 and 5.13%, respectively. This implies that students are studied further as the main body in this interdisciplinary themed learning activity, and interpersonal linkages are strengthened. In terms of learning reflection and summary, 78.44% of students participate in reflective and summary learning activities, indicating that the majority of students can reflect and synthesis learning experiences beyond class to progress their own cognitive growth. 21.56% of students did not complete a reflective summary, indicating that students’ critical reflection in learning activities should be emphasized more.



TABLE 6 Main contents of the interview questionnaire.
[image: Table6]



TABLE 7 Coding situation.
[image: Table7]



TABLE 8 Learn the activity coding table.
[image: Table8]





4. Discussion

Problem-based interdisciplinary thematic learning exercises were devised in this study to assist students in developing 4C skills. In this section, we go through their potential for boosting skill development in greater depth. Students demonstrated improved ability in cognitive, affective, and behavioral dimensions, as well as social skills. This outcome is consistent with past research findings (Hasni et al., 2016; Guo et al., 2020).


4.1. Questioning and criticizing promotes critical thinking

We discovered that most students’ self-perceived critical thinking abilities improved after evaluating pre-and post-test data. This study is similar with the findings of Charlton and Avramides, who believed that adding real-world situations into learning activities could assist students in developing critical thinking skills (Charlton and Avramides, 2016). Students are encouraged to assess their ideas and improve their critical thinking skills by using real-world challenges (Hu et al., 2020). We presented the physical model and qualitatively described students’ critical thinking progress in this study.

We thoroughly examined the encoded text data and Classroom video to see how participants’ critical thinking was improved. We observed participant A as she considered whether all weather had negative impacts based on the environmental impact of disaster weather. When learning knowledge ideas, participant A raised this issue and opened communication and debate with other participants. Furthermore, during the catastrophe weather visual data analysis, the teacher presented inaccurate data for students to discuss. Some students analyzed the data attentively. Finally, in the fine arts course, students were forced to experiment developing modeling images into stereoscopic physical models. Despite the fact that they did not come up with solutions, they tried a variety of ways following critical thinking. For example, using his newly gained information, student C attempted to make model diagrams using several imaginative ways. In other words, he practiced using planar models and physical models based on prior knowledge.

The analysis of students’ cognitive growth process presented above demonstrated how interdisciplinary learning activities based on real-world challenges encourage their critical thinking. Interdisciplinary topic learning activities aided students’ thinking and exploration in both circumstances. When differences between data and intuition developed, students not only questioned the validity of the generated model or data, but also sought explanations to defend their results.

Difficulties are introduced into the human cognitive process through interdisciplinary thematic learning activities based on real-world problems. Students might begin with difficulties, then use their minds to produce active cognitive behaviors. From judging “knowledge” to judging their own “cognitive, “they can reach the dimension of applying talents to better their mind and spirit. Students may question and think critically, as well as accurately and purposefully correlate actions and outcomes. Students gain proficiency in spotting difficulties and asking questions in complex circumstances by gathering evidence to analyze, reason, judge, evaluate, self-adjust, and make a choice based on prior experience. Students actively explore and form conclusions using the thinking process as a means of inquiry. In a nutshell, the act of problem solving cultivates students’ critical thinking abilities. Furthermore, students gain the ability to identify and analyze problems, create judgments and formulate plans, as well as the habit of thinking about and probing into difficulties, which stimulates their critical thinking.



4.2. Open practice promotes the cultivation of creative thinking

We discovered that most students’ self-perceived creative thinking capacity improved after evaluating pre-and post-test data, but the change was less significant than the improvement in the other three skills. These findings emphasize the value of problem-based interdisciplinary thematic activities in encouraging student creativity (Charlton and Avramides, 2016). Fine art activities, as revealed in the study, effectively stimulate students to think creatively, whereas open questions encourage students to conceive solutions creatively and practice them through creative expression. To begin, we watched participants in the analysis when they employed creative techniques to explore diverse modeling solutions while solving difficulties in 3D modeling. Students sought to reset the parameters to make fresh models numerous times after learning some fundamental skills of 3D modeling. This phenomena implies that individuals are not just attempting to solve problems, but are also creatively broadening their thinking in order to construct more pleasing models. Second, because interdisciplinary thematic learning stresses problem solving in the actual world, we found that students came up with a wide range of creative ideas for environmental sustainability. Importantly, some of these answers were not predicted by the teaching team, demonstrating students’ ingenuity even further. Finally, students in the art department created 3D paper sculptures by exploring the knowledge and value in the catastrophe weather data, demonstrating their ingenuity.

According to the findings of the preceding investigation, students actively explored, provided solutions, and shared their opinions in interdisciplinary topic learning activities. In an interdisciplinary thematic learning environment centered on real-world situations, creative thinking develops. The openness of the design of interdisciplinary topic learning activities may promote the development of creative thinking. For example, interdisciplinary topic learning focused on real-world challenges allows students to effortlessly and effectively examine as many designs as feasible. Furthermore, interdisciplinary thematic learning environments help students develop as designers and problem solvers. This dual identity permits students to engage in not only learning tasks but also divergent thinking in order to propose alternate answers to open-ended situations. Finally, rather of simply reporting answers to questions, students are encouraged to solve problems creatively and share their opinions. These questions are strongly tied to their life experience and future life, allowing students to envision their future lives based on previous learning experiences and increasing their feeling of social responsibility.

Creative thinking is nurtured in open practice in this interdisciplinary thematic learning activity based on real-world situations, and creative result-oriented learning is promoted to break through habitual cognitive modes and integrate schemes and converge thinking. Furthermore, by emphasizing experience, design, reflection, and integration, interdisciplinary thematic learning effectively promotes learning, improves innovative design, collaboration, and action, and contributes to creative outcomes, thereby stimulating the development of learners’ creative thinking.



4.3. Develop communication and collaboration as a group

The study of the data before and after the test revealed that most students’ self-perceived communication and collaboration skills improved significantly. Interdisciplinary thematic problem-solving activities promote communicative scaffolding of ideas. This results supports prior research that found that integrative thematic learning activities centered on real-world situations increase both oral and writing communication skills (Gadhamshetty et al., 2016; Clark and Mahboobin, 2017). This also suggests that when students are able to share their thoughts with others, they can acquire social communication skills (Owens and Hite, 2020). Students were able to actively participate in collaborative debugging during the previous class, demonstrating that problem-solving exercises can increase students’ collaboration (Gadhamshetty et al., 2016).

Encoded text data and Classroom video were examined in depth to see how participants’ communication and collaboration skills improved. Students presented their disastrous weather dioramas in Lesson 5. Furthermore, students actively performed numerous activities in each course through communication and collaboration. Students, for example, actively participated in the collaborative debugging activity during catastrophic weather modeling in Lesson 4. When creating the stereo model, Student D discovered that the model was not solid. Then, other students debated ways to strengthen the model. They came up with a viable answer after only 2 min of deliberation.

The findings suggest that communication and teamwork skills can be developed in an interdisciplinary learning environment focused on real-world challenges. Interdisciplinary thematic learning activities need the engagement of numerous parties and the development of cooperative groups in the cross-border method of individuals and groups, emphasizing “communication optimization and action generating.” Learning activities should be carried out with the concept of “accumulating information from experience and learning from actual operation” in mind. Students should be able to dive deeper into the process of thinking, finding, and solving problems if communication is maintained throughout the learning activities. Students can improve their abilities to acquire information, communicate and collaborate, and solve problems with complete knowledge in this manner.

Students develop the learning habit of inquiry and are effective at spotting and asking questions in a complicated setting through this interdisciplinary thematic learning exercise based on real-world challenges and driven by critical thinking. Accurately expressing the problem analysis outcomes assists students in developing the habit of effective communication. Cooperation in a group encourages students to tackle challenges together and fosters the habit of collaborative work. To foster students’ inventive consciousness, spirit, and aptitude, innovative ideas and products are used as the end result of problem-solving.




5. Conclusion

Given society’s demand for greater interdisciplinary expertise, we should consider the following issues: What are the most significant obstacles to interdisciplinary learning? What role does interdisciplinary learning play in the development of 4C skills? As a result, the current study focused on determining whether an interdisciplinary thematic learning environment based on real-world situations might improve students’ 4C skills and problem-solving abilities.

Our study integrates real-world challenges with interdisciplinary learning in order to provide a more systematic and organized approach to teaching interdisciplinary courses. To understand the development of the 4C skills during the learning process, we conducted tests before and after the students’ self-assessment and conducted a qualitative analysis of the questionnaire answers. We found that integrative learning activities based on real-world challenges help students develop the 4C skills. Despite the limited sample size, the findings imply that interdisciplinary thematic learning centered on real-world challenges can help learners improve their 4C skills. A “common topic” across disciplines, guided by real-world challenges, can be utilized as the “common thread” to connect all discrete knowledge and skills, give a space and platform for students to employ knowledge and skills, and inspire them to mobilize knowledge and skills to think and explore. The interdisciplinary thematic learning course for growing “4C Skills” is built on transboundary knowledge as a reconstruction of the traditional curriculum system, and it serves as a model for the design of interdisciplinary thematic learning courses directed to the development of 4C skills.

The study, however, had several drawbacks. For starters, it only covers second-year students from one Chinese middle school. Regionally, respondents in this survey may have higher levels of 4C skills than students in other regions. Second, subjective factors may have an impact on this study. As a result, students’ pre-and post-test data can only be utilized as a guide. Furthermore, the pre-test is used as the baseline for reference and comparison in this work, and students are not permitted to participate in any other extracurricular activities during the study time. Other factors, however, may influence the learning process, and the development of 4C skills cannot be entirely attributed to this course. The majority of students’ self-perceived 4C skills have improved, however some students’ self-perceived 4C skills have not changed. This study did not take into account students’ individuality. In the future, 4C skills can be researched independently to better comprehend the methodologies for cultivating 4C skills. To quantify the progress in 4C skills, more research is needed. Furthermore, longitudinal studies can be used to investigate the long-term influence of interdisciplinary thematic learning focused on real-world challenges on students’ 4C skills development.
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